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BXHAVIOR Or STATIC PRmSSUEE HEADS AT HIGH SPEEDS*

By Helmut Danlelslg

SUMMARY

The present report describes the development of a
static pressure head for high epeeds. The tests proved
its practicability at speeds Up to 400 km/h (248.6 m.p.h.).
It weighs 6.5 kg or 2.5 times as much as the old head.

The position of the pressure head belcw the airplane
was determined by bearing method at different speeds and
for different lengths of susponslon. It was established
that for the measured speed raage a 20 to 24 m suspension
length was eufficlent to assure a mlnlmnm distance of 6 m
from the airplane without Introducing any appreciable er-
rors In the results due” to wrong ntatic pressure. A tub-
ing for a speed of 600 km/h (372.$ m.p.h.) has been con-
structed as experimental project which, with a pressure
head weighing 9 kg, should equally assure a sufficiently
great vertical distance at this speed.

The supporting and pressure-tapping element Is an
all-metal tubing of 7 mm diameter and 4 mm inside width.

Parallel with the tests, a nomographl~ method was
evolved for the rapid and accurate determination of the
tubing curv~. The practicability of the method is reflect-
ed by the comparative measurements and recommends Itself
also for the determination of airplane antenna curves.

I. INTRODUCTION

By virtue of Its economical advantages and Its re-
m&kable precision, the pr-essure-head method, $s .flnding

**Verhalten von statlschen Sonden bei hohen Geschwlndig-
keltan.~1 Luftfahrtforechung, vol. 14, no. 6, June 20,
1937, pp. 304-309.
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widespread favor over the previously-customary quadrangular
flights for relatlve speed determinations and exact dynamic
pressure calibrations. The pressure-head method is, as is
known, based upon Bernoulllls fundamental equation:

‘total = p~tatic + pdynamic

where the total pressure Ptot~l is obtained with a DVL

total-head meter and the static pressure pstatic, by

mesas of a static pressure head trailed several metorn be-
. low tho airplane. The two prosmzres yield as difference

the true fllght d~amic pressure. The conventional static
pressure head heretofore used by the DVL weighs 2.4 kg
while the tubing connecting with the airplane is a 20 m
length of rubber hose of e mm outside and 3 mm inside di-
ameter housed’in wire netting. This Instrument Is not
practical at speeds above 250 km/h, as the dynamic stabll.
Ity of the suspension cable becomes inferior at such
speeds. The vibrations set up by gusts or irregularities
in propeller slipstream no longer die out, but are propa-
gated in direction of the hose end where the static pres-
sure head itself Is thrown into erratic oscillations of
such amplitude that not only reading is falsified, but
the airplane itself. ls endangered.

Another reason for not exceeding the cited speed of
250 lmn/h Is that at higher speeds the head itself may be
raised so high that It eventually finds Itself In the wake
of the airplane.

II. TEST PROCMDURE

In order to arrive at a satisfactory solutlon of the
problem, the DVL made systematic flight tests with a
Heinkel He 70. The floor plates were removed during these
tests to provide an uninterrupted view of the pressure
head and of the tubing. Above the two openings wo mounted
two bearln’g loops which, after sighting the”pressure head
on a sector scale, per.mltted the reading of.the angle of
the pressure head below the airplane with respeot to a
body-fixed referenco axis (fig. 1). The distance of the
bearing-loop axes amounted to 1.57 m. The measuring ac-
curacy of the bearing devico was C1OSO enough to remain
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below a llmit of. erroroof =0.6 m In.the computation of the
pressure-head posltlon rbla~lve to the airplane. The
6fAfiti pr6%stire tubing cone’lsted =of”-lsn-”’all--metgl-%bse of
7 mm outsldb.diameter made by tho Borlln-F~rlbrti~Indus-
trie+orke. Tho all-metal hose was preforrod after previ-
ous teeta had dlacloeod that tho cuetomary metal-wound
rubber hose is occaelonally squeeaed off at the point of
emorgenoo from the airplane*. The total length of avall-
ablo hose was 24 m. The hoso lead from a spool of 2G0 mm
diameter ovor m roller to the pressuro head. A dynamomo-
tor of 20 kg test range was provided to be Installed In
the boss portion between roller and spool and Indioated
the tens~on in the hose. Flight performance 10SBOS due to
the drag componont In flight dlreotion were accounted for
in measurements Of the slope of the upper end of the hose
relative to the lcngltudlnal axis of the airplane. Agree-
ment of the meaeuro?nents with respeot to time for the read-
ing of the bearing-loop settings by two observers was in-
sured by a light signal.

The flight tests were made at speeds of from 200 to
350 km/h. No readings were possible above this speed, be-
oause the pressure head was no longer within range of the
forward bearing loop.

The speedomotor employod In these flights was flight-
tested over a square course. All measurements were made
In horizontal flight as much as possible in order to pre-
serve the condition of flow direction perpendicular to the
direction of firavlty. Compliance with this condition makes
direct comparison of tho freo-fllght data with the subse-
quently described calculation method for defining the tub-
ing curve, posBible. Horizontal fllgbt was possibl? up
to speeds of 330 Ian/h; increased to 350 km/h with full.
throttle, the airplane already exhtbited a sinking speed
of 2 m/e. ,Evon sol tbe resulttng errors remain within .tho
bounds of measuring acouraoy. In the first fllght tests
an experimental modol consisting of a stream.llned brass
pipo of 40 mm diameter f?llod with hard lead and four
plaln ftnm was employod. Tho total weight of the. mo.del
amounted to 5.4 kg. The same plaln stabilizing fins were
used.on the final design (fig. 2) rather than the-stabilSz-
.ing conemwlth.30 angle of Incidence (fig. 2a) used on the
low-speed pressure head, which had proved tmpraotioable
for high speeds. .-

*Owing to the relatively short life of metal hose, variOuS
synthetic products are being investigated by the Institute
for AeronautlcO.
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The preaeure head wata suspended, aB already
from an all-metal tubing which-at the same time- served as
supporting .and pressure-tapping element. The point of
suspension was provided directly abovo the center of grav-
ity of the pressure head. A. llnk connection between pree-
sure head and tubing kept the lever arm and therewith the
turning moment about the transverse axis of the pressure
head to a minimum. ..

In the final verelon (fig. 2) the link consists of a
sphere carried In tho head and terminating at the top in
a neck H 4 mm thick and 100 mm long. The upper end of
H is hollow with a nipple Ii at tho gide. The neck Is
soldored to the metal tubing. Ashort piece of rubber hose
serving as pressure tap, connects nipple N with the
pressure-head ‘nipple N~, which In turn leads within the

pressure head to the axinular slot. A safety against turn-
ing of tho spherical pivot about the normal axie of the
pressure head preveatu the rubber hose from becoming de-
tached. Both the head and the stabilizing ring are of
nickel-plated steel. The total length is 625 mm, for a
diameter of 3 = 45 mm. The annular slot for tapping the
static pressure lies 3 D aft of the foremost point of. the
pressure head. Wind-tunnel tests dlsclosod a 2.4 percent
static-pressure difforenco as compared with the statfc
reading of a calibrated Pltot tube of normal size.

Qualitatively, the flight tests revealed that both
the pressure head and tubing remain so much more steady
as the extensibility Is less and the stability of the tub-
ing greater, that 1s, the greater the restoring forces are
which occur as soon as the tubing curve is changed by come
outside influence, such as gusts, for instance. The eta-
bility of the tubing (apart from the cable stiffnees which,
however, Is not attempted in the interest of windabillty),
is chiefly Influenced by the weight of the instrument. It
was noticed that all oscillatory motions set up during the
measurements origlnatefi In the. upper part of the tubing
exposed to propeller slipstream and wing wake, while the
head itself was only indirectly set in vibration. These
vibrations are at right angles to the direction of flight.
By increaeiag the weight from 2.4 kg (weight of the old
pressure head) to 5.4 kg (weight of experimental model)
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and” entploylng the cited metal tubing, It was possible to
. Iowar-t-hese .trensveree oscillations, to ,@ m~nim~. Thl S

arrangement damps out even oscillations set up in &zsty.
weather remarkably quickly without oausing any appreciable
disturbance of the head itself.

Having succeededin the matter of weight of pressare-
head and type of tubing to Insure in principle perfeot
performance Up to speeds of almost 400 I&/h the position
of the pressure.head with respeo.t to the airplane was de-
termined at speeds of from 210 Inn/h to 350 km/h with tub-
ing of 12, 16, 20, and 24 m length .-

~ith the notation of figure 1, the depth and trail
of.the pressure head follow from the relations:. .

sin kl sin
% = a [m] .

Sill (kl - ~)

cos kl sin ~
xa= [m]

sin (kl - ka)

(1)

(2)

17igure 3 shows the depth z from the measuring base a
parallel to the longitudinal airplane axis plotted against
the speed, with tubing length as parameter. With tubing
of 20 m length, the normal depth 9.7 m drops to 6.5 m when
the speed changes from 210 to 360 km/h, which, extrapolated
to 400 km/h, still leaves a depth of 6.0 m. This length
should undoubtedly suffice to reduce the error in reading
resulting from the falsification of the static pressure to
a practically Insignificant magnitude (reference 1).

The effect of the suspension length on the normal dis-
tance from the reference base Is comparatively small within
the explored limits according to f5gure 3. Doubling the
length from 12 to 24 m increases,. at 300 b/h, the distance
from 5.5 to 7 m, I.e., a 100-peroent-length change produoes
only a 27 percent change In depth. With greater hose
lengths”the ohange beoomes even lese, beqause the angle of
exit of the hose from the airplane becomes consistently
less on account of the greater total drag.

Much more Important Is the Influenoe of the suspension
length upon the poeitlon of the head behind the airplane.
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Lengthening the hose from 12 to 24 m results in more than
twice as great a change in trail, according to figure 4.
Within the measured Interval; both the depth and trail of
the head chan~e approximately linearly with the speed.

In order to assesg the speed loeses due to the head
and the suspension tube, the force and direction of the
suspension tube on the airplane body. must be known. Elg-
ure 5 depicts these quantities for a 16 m suspension
length against the flying speed. The greatest force re-
corded on the tubing amounts to ‘- 10 kg. The two quanti-
ties give the force component In flight direction. It i.S
advised to use the static pressure head, especially on
smaller airplanes, only for calibrating the recording in-
struments, but to make the tests themselves with reeled-in
head. With known airplane quantities the corresponding
proportionate A C= and thence with available airplane

polar the following relation is obtained:

#
r

/

3
‘F1 + air-speed head = Cw

(3)

‘E 1
Cw i- kcw

whereby:

‘F1 + air-speed head = flying speed with air-speed

head,

‘F1 = flying ?p.ead without air-speed

head,

%P = drag coefficient of airplane,

A Cm = drag cooff.1.cient of air-speed

assembly.

This holds for horizontal. f.light, I.e., thrust = drag.
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IV. DESCRIPTION OF H&UOGRAFEIC UE!MIOD EMPLOYED
..

.. -.. TO DETIHE THE S& PE&IOiG30S.; CURVE
., .“

There are several known methods of defining the form
of the ourve resultlng from towing heavy bodies from a
flexible cable through alr for the purpose of predicting
the position of the air-speed head In space. However,
these methods are In part time-consumln”g, or, as is the.
caso of Glauortls method (reference 2) , they proceed from
asmunptlons. regarding the lift and drag of the hose, which
aTe considerably at” variance” with oor.responding wind-tunnel

“.teata. ~or thla reaaon, It seemed expedient to ovolvo a
method which conformod to actual conditlona over & wide
flold,as well as being short. And the reaulta aa..rogards
desirable accuracy fulfllled our expectatlona.

The method la predicated on a chord curve rather than
the aag curve and postulate that the cable atlffneaa of
the auaponaion haa only a minor influence on the form of
thu curve Itself awing to tho comparatively great ourva-
ture radii of tho curve.

The auapenaion hoab la flrht divided Into chord pieces
of. equal finite length. “Chord lengths of 60 cm proved
amail enough to be serviceable aa eubatitute for the relat-
ed arc piece aO thoorotfcal baala. “

Mot.ation
..

ca s lift coefficient of a hose element .

Cw # drag coefficient of a hose element

q, flight dynamic~pre8aure (kg/me)

Al,a vertical force component at.hose element (kg)

. .

‘ Bl,~. horizontal force aoswponent at hose element (kg)
.. .... .

Al langth of suapenaion hose element (m)
.. ., ..

d diameter of’auapena.ton-hose [m)

A3’= A t d area of auapension .hoa.o element (n?)
. . . .- . .

Gas weight of auspex+al.on hose elornent (kg).

.—



N. A. C.A. Technical Memorandum Mo. 865
.

angle of fncidence of a suspension-hose element
to the flow (deg.)

lift of a suspension-hose element (kg)

drag of a suspension-hose element (kg)

weight of air-speed head (kg)

drag of air-speed head (kg)

Yigures 6 and 7 depict the lift and drag
wound suspension hose of 7 and 8 mm diameter,
The angle of incidence of the suspension hose
twoen 15 and 75 under practical con.dcitlons.
proximation 1s:

“Cw = C sin= as “

Ca = Cl sin= as cos as “

for metal-
respectlvel~.
ranges bo-
A good “ap-

(4)

(5)

It involves empirically defined functions whose va-
lidity for different tube diameters was confirmed In wlnd-
tunnel tests of the DVL. On these premises, the average
error remains considerably below 10 percent in contrast
to the 30 percent by Glauert~s method.

Fith (4) and (5), the lift and drag of a chord ele-
ment are:

Ws = qAFCslnaas
1

Wa = C= sin= us
J

As = q“AFClsinaascosa
1

As = C=”sin= CLB cos as

(6)

(7)

whence figure 8, in conjunction with the equilibrium con-
ditions for a hose element, gives:

Zv=o: An + C3 sin= as cos as - Gs - An-l= O (8)

ZH = O : Bn - Bn-l - C= sin= as = o (9)
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ZM=O :~-1A2coaas+Q~ $ Com as - Bn-~& 1
0 --- ... -.

E- . . . . . . . .
-..

. . . .

. Xsinas-W~N sinam -A~~ Cos as = o (lo)
.2

The Introduction of the functions for As and W6

and divlBion by

2

in equation (10) gives

2 %1 Qfj 2 Bn-1— cot as + — cot as - —
c= % c~

Q Btna UB -
a

sin aB cos ae = O (11)
c=

or

c 23 2 %1 +GF3sin a8 cos n-l=a as +U sinaas +— cot as (12)
c= c= C3

I’or the tip of the head, It is An-l = Q and

BnUl= w; W must be ascertained in the wind tunnel.

Eqtitlon (11) combined with (8) and (9) oould already
be used as recursion formula. 3ut the purely analytical
solution for a functfon of as Is so difficult that the
nomographic method of solution was preferred.

The nomograph is essentially a system of two scales
(fig. 9). The left-hand mcale is vertically graduated for
the cot function, that 1s, for different coefficients

2.A+Gs
_ which are of the antlcip~ted order of ma@ltude..- ~3 ,. . ~ “. . . ,-. ,. - -... .

of the coefficient of cot a“”3 In equation (11). %1&-e
. 9a, containing the functzon,

( 2A+(38
A=f—

c= )
.

.— —.. .— —
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facilitates the finding of the coefficients relevant to the
different A.

The right-hand scale in figure 9, containing the other
three terms of (12), is in two parts. The part above the
traced abscissa coinprlses the sum of the two terms to the
left of the equals sign

c
sin etaCoca aa + ~ sins aa

C3

While the cited upper part of the ordinate depends,
m

apart from as # only on the ratio ~= ~ i.e., on the
C3 ~~ .

ratio of the coefficients of lift and drag and consequen~
ly assumes other values simply as form factor for different
tubings, the lower part carries the function
2B
—= f(B). The different straights correspond to dlffer-
c~

ont C30 i.e., different Impact pressures for chosen
thlclmess and length of the tubing elements.

.

3’lgures 10 and 11 facilitate the determination of
forces ~ and Bn In (8) and (9). They render the trao-

ing of C~ sins Uq and C3 slna as cos as for different

=s and C values, possible.

First, the constants C and cl are ascertained from

the wind-tunnel curves (equations (4) and (5)). !Chen, the
choice of chord length, tubing diameter, and Impact pres-
sure is followed by the calculation of:

(13)

(14)

As the construction of the tubing curve starts from
the free end of the suspension tubing, the drag and weight
of the air-speed head must be established fl.rst.

Then the chord cnrve is built up with the above quan-
tities as follows:
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2A+G~
1) Determine value — from.. . . -. ..... .-%.- . .. C3 - .........

No. “866 11

figure 9a (for
.,

start %.1
= G) and ascertain In figure- 9.

2 En.
2) Determine ~ in figure 9 ~for start

Ca “
Bn- 1 =W).

3)” Oonneot both polnte and shift parallel upward,
until equal angles appear on the ordinates (plot
the let chord element).

4) Define the new A from the preoedlng A by sub-
traotlng GE and adding the amount of lift whioh
corresponds to the just found as In figure 11.

6) Determine the new B from the previous B, by
adding the amount of the drag which corresponds
to the just found as In figure 10.

6) Proceed with A and B as under 1, 2, 3.

Concerning point 3, It should be noted that the paral-
lel shift merely fulfills thd condition (equation 12),
which postulates that the sum of the terme on the left-
hand side of the equation IS equal to the term on the
right-hand aide.

The tubing curves I, 11, III in figure 12 were ob-
tained by this method. Curvem I and III are for the heavy
air-speed head at 210 and 350 lmn/h, while ourve II Indl-
csateothe posltlon of the mall air-speed head at 210 km/h.

The dots designating the various epeeds on which the
oaloulatlon was based, are actual positions of the air-
speed head In space as measured by bearing In flight. The
comparison of the measured and the computed values manl-
festm ample agreement.

Curve IV In figure 12,also established by nomographic
method, lo for a flylng speed of 600 km/h and.26 m suepen-
sl.oa length for an air-speed head of 9 kg.

Translation by J. Vanler,
National Advisory Oommittee
for Aeronautics.
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Figure 1.- Heinkel He 70 with static
pressure head for high speeds

(up to 400 km/h.). Experimental arrangement
for ascertaining the depth and trail.

Figure 2.- Static pressure head for
high speeds: total length;

625 mm; weight 6.5kg: range up to
400 kmfh: tubing diameter: 7 mm; H:
thrust; N=nipple, Ns= pressure head
nipple.

,,.. . . .

Figure 2a.- Low-speed pressure head:
total length: 450 m:

weight: 2.4 kg; range: to 250km/h.
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I&me 3.- Relation of depth to fly-

ing epeed with different
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Figure 4.- Relation of trail t; flying speed with
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Ca % v=60m s-l
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i “-windo=05~.a:m:01:o
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Figure 6.- 7 mm M.ametar, Figure 7.- 8 m diameter.

‘Relationof lift azd drag coufficiente to angle of incidence for Bue-
pension tube element of 400 nnnlength.

AB=C3 sln2

%1

Figure 8.- Force distrlbut$on on an element of the mtapen~ion
tubing.
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@lanatory sketchto the. g@gr@iq.;.
method: (see Fig. 9): after finding
pointo x andy the relevant inter-
secting straight is shifted parallel

Fige. 9,9a

. . .. .

-.

fc?’3Ys67

J \

.

?0 \

’73-

...a

f .

until ~he
xl and Y1

ordinates, for example, at 24.’ I I \ 1

disclose equal angles. Figure 9.- ZJomographfor
obtaining the

sus~nsion tube curve.



li.A.C.A. Technical Memoranda Mo. 865

L@;%,
I ,,

‘“1‘ ““

rigs. 10,11,12

.
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Figure 10.. Graph
for

defining the drag
of a sucpencion
tube element at
different C2 and
ds

Figure 11.- Graph
for

obtaining the lift
of a suspension
tube element at
different C3 and

airplane at different apeedn.
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